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1. Indications for Use 
The LBD Detector is indicated for the detection of air bubbles (diameter ≤ 0.04mm) 
contained within a saline solution flowing through intravenous tubing. The device shall 
be used only by licensed clinicians and alert users with an audio alert and subsequently 
terminate flow through the intravenous tubing to decrease the chances of pulmonary 
embolisms.  
The LBD Detector is a Class II medical device seeking 510(k) FDA approval. 
 2. Customer Requirements 
Dr. Christopher Porterfield would like the device to: 
• Detect any bubbles that can be seen with eyes 
• Terminate flow upon bubble detection 
• Alert clinician upon detection with a sound 
• Cost under a few-hundred dollars 
• All components in one housing 
• Lightweight 
• Easy to attach/use 
3. Specification Development 
 
 Table 1. Initial specifications for preliminary concepts. 
Specifications 
 
Material Plastic Housing 
Weight 150g 
Cost per unit $200/unit 
Bubble Detection Diameter ≥ 0.04mm 
Audible Alert Signal 76 dB 
Gauge Range Variability 14G - 21G 
Linear Actuator Force TBD 
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4. Intellectual Property Assessment 
4.1 Issued Patents 
1. Automatic power control liquid particle counter with flow and bubble detection 
systems  
a. Claim 6:  The optical liquid particle counter system of claim 1, wherein said 
fluid monitoring system detects bubbles optically, electronically, acoustically, by 
pressure differential, by density, or a combination thereof.  
Our device will not count the particles. Once a bubble is detected the flow 
will be stopped. 
b. Claim 7:  The optical liquid particle counter system of claim 6, wherein said 
processor decreases said power of said optical source if said bubble has a 
diameter greater than or equal to the diameter of the particles being detected.  
Our device will mechanically stop the fluid flow once a bubble with a 
minimum diameter is detected. 
 
2. Apparatus for monitoring the presence, amount and size of bubbles in the bloodstream 
and/or tissue of a person and method of using the same.  
a. Claim 1: Device monitors the size of bubbles. 
Our device will not monitor the size of the bubbles but instead react to a 
minimum bubble size. 
 
3. Method of purging gas bubbles in an extracorporeal blood circuit  
a. Claim 11: A method of purging gas bubbles from at least one target zone of an 
extracorporeal blood circuit with a flushing liquid, characterized in that the flow 
rate of the flushing liquid in the extracorporeal blood circuit is periodically 
increased and reduced during the flushing process, the flow rate of the flushing 
liquid in the extracorporeal blood circuit lies outside a range of possible flow rates 
at least at times during the flushing process, which range is used during the 
treatment for the blood, the flow rate of the flushing liquid in the extracorporeal 
blood circuit at least at times during the flushing process is larger than 700 
ml/min, the flow rate of the flushing liquid in the extracorporeal blood circuit is 
increased and reduced in bursts, the flushing liquid is conveyed through the target 
zone using a pump, and the variation of the flow rate and/or of the pressure 
takes/take place by a throttling and increasing of the pump speed. 
Our device will stop flow at the detection of a bubble and will not get rid 
of the bubble. 
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4.2 Patent Applications 
1. MEDICAL DEVICE WITH A THERMAL MASS FLOW SENSOR FOR BUBBLE 
DETECTION 
a. Claim 1: Bubble detection is based upon mass flow rates within the line  
Our device will utilize an optical sensor to detect bubbles. 
b. Claim 2: The method according to claim 9, further including: with a display, 
displaying a warning of a detected bubble in the medical device. 
Our device will output an audible warning upon bubble detection. 
2. CATHETER FOR INFUSION OF CARDIOVASCULAR FLUID 
a. 45. The system of claim 42, wherein said measured physiologic parameter 
comprises a level of microbubbles in the patient's vasculature distal to a location of 
carrier fluid infusion. 
Our device will stop flow and will not redirect flow. Our device is also 
designed to be noninvasive and for peripheral saline IV flow. 
3. METHOD FOR BUBBLE DETECTION IN A FLUID LINE USING A SPLIT-RING 
RESONATOR 
a. Claim 1: A method for detecting a bubble, the method comprising: generating 
microwave energy; transmitting the microwave energy from an antenna; applying 
the transmitted microwave energy to a split-ring resonator said split ring resonator 
adjacent to a tube; receiving the microwave energy from the antenna and the split-
ring resonator; and detecting a bubble within the tube and adjacent to the split-
ring resonator using the received microwave energy. 
Our device will utilize an optical sensor to detect bubbles as opposed to 
variations in microwave energy. 
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5. Network Diagram 
 
Figure 1. Project Time and Key Deliverables 
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Figure 2. Performance Evaluation Review Technique chart and Critical Path 
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Figure 3. Network Diagram. Critical path is denoted in red. 
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6. Budget 
The proposed budget for current design is proposed below in table 2. Once a final design 
is selected, all parts will be considered outsourced manufactured based off of ISO13485 
standards. 
Table 2. Projected budget for preliminary concept. Items needed are subject to change 
and are only based on preliminary concepts 
Item 
Description 
Product 
Number Purpose 
Planned Actual 
Unit Quantity Cost/Unit 
Total 
Cost Quantity Cost/Unit 
Total 
Cost 
Electrode A330 
Bubble 
Sensor EA 1 $139 $139 2 $139 $278 
Linear 
Actuator SJPU52IDP 
Flow 
Termination EA 1 $12.50 $12.50 1 $12.50 $12.50 
Arduino 
Micro 7630049200159 
Light 
sensor and 
motor EA 1 $16.83 $16.83 2 $16.83 $33.66 
Housing n/a 
Contain 
components EA 1 $20 $20 TBD TBD TBD 
          
Prototypes and units for Feasibility and DV will be sourced from the following suppliers:  
Final device will be considered for outsourced ISO13485 certified manufacturers  
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7. TAM and Competitive Advantage 
Table 3. Comparison of device and two others on the market. Each factor was rated on 
scale of 1-5 (1 being least effective and 5 being most effective) 
Factor LBD Vascular 
Inc. 
CeramTec Introteck 
Low Cost 5 4 3 
Lightweight 3 5 5 
Automatic Flow Termination 5 1 1 
Peripheral IV Line Compatible 5 4 4 
Audible Alert Signal 5 1 1 
Easily Implantable 5 4 5 
Extensive Training Unrequired 5 5 5 
Variable Gauge Size Compatible 5 3 5 
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8. Conjoint Analysis 
Table 4. Three-factor with two levels conjoint analysis. 
Factor Level 1 (0) Level 2 (1) 
Cost $200 $100 
Weight 300g 150g 
Tubing Gauge (adaptability) 14G (2.1mm) 24G (0.7mm) 
 
Table 5. Conjoint Analysis Cards 
Card # Cost Weight Tubing Gauge 
1 $200 300g 14G (2.1mm) 
2 $200 150g 24G (0.7mm) 
3 $100 300g 24G (0.7mm) 
4 $100 150g 14G (2.1mm) 
 
 
Figure 4. Excel Regression and ANOVA Results. ANOVA and Regression test results 
from the conjoint analysis participation rankings. 
Based on the participant feedback, weight and tubing gauge were significant to the 
customer (p<0.05). Cost was not a significant factor (p>0.05). Therefore, the weight and 
tubing gauge are the most important factors when designing the bubble detector device. 
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9. Morphology 
 Table 6. Morphology table for 5 concept ideas. 
Morphology  
Product:  LBD Detector  Organization Name: LBD Vascular Inc.  
Function  Concept  
1  
Concept  
2  
Concept  
3  
Concept  
4  
Concept  
5  
Concept  
6  
Bubble  
Detection  
Ultrasound 
sensor 
(transmitter 
and receiver 
transducers) 
Capacitive 
sensor 
Optical 
sensor 
(LED) 
Image 
processing 
 
Ultrasound 
sensor 
(pulse echo)    
Flow  
Termination  
Single 
sided 
linear 
actuator 
Three-point 
cinch 
Dual sided 
linear 
actuator      
Line 
attachability  
Thread 
through Clamp over Press fit      
Alert clinician  
LED 
activation 
Audible 
Alert 
LED 
activation 
& audible 
alert      
Team member:   
Kevin Shu  
Team member:  
Alexandria Kwong   
  
Prepared by: LBD Vascular Inc.  
Team member:   
Dylan Meintser   
Team member:   
n/a   
Checked by:    Approved by:    
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The Mechanical Design Process  
Designed by Professor David G. Ullman  
Copyright 2008, McGraw Hill  
Form # 15.0  
   
  
 
Figure 5. Capacitance sensor with a dual sided linear actuator termination mechanism 
concept sketch. 
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Figure 6. Ultrasound sensor with a dual sided linear actuator termination mechanism 
concept sketch.  
  
  
  
  
Figure 7. Pulse-Echo ultrasound transducers with a three-point mechanical closure 
termination mechanism concept sketch. 
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10. Concept Evaluation 
Table 7. Concept evaluation of top three concept ideas. Ultrasonic, capacitance, and optical 
sensors are compared to each other. 
 
 
 
11. Conceptual Model 
 
The housing for the bubble detector is 4x2x0.8 inches and is made of a lightweight plastic or 
metal. There peripheral IV tubing snaps in place in the three-point clamp system shown in figure 
9. There is a spot for the Arduino mini to fit tightly into beside the linear actuator. The housing is 
closed using a three-hinge door system with an easy to open lid. Reference figures 7 to 9 for a 
visual aid. 
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Figure 8. Isometric view with the three-hinge system shown for the opening and closing of the 
housing. 
 
 
 
Figure 9. Isometric view with the lid removed. 
 
    
Figure 10. Top view with the lid removed from the three hinges. The three-point clamp system 
is shown in the top of the housing. From left to right; linear actuator divider, Arduino section, 
and bubble detector dividers. 
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12. Statement of Work 
12.1 Executive Summary 
This document serves as a Statement of Work written by LBD Vascular Inc. for Dr. 
Christopher Porterfield, MD MPH FACC, an electrophysiologist practicing at Coastal 
Cardiology. The information found within will detail the project development process and 
scope of the project discussed with the sponsor.  
 
12.2 Introduction 
The scope of this project includes designing a non-invasive bubble detector for peripheral 
venous and arterial lines. For minimally invasive cardiac procedures, arterial and venous 
access is necessary for these procedures as is constant flow through the tubing to prevent 
clotting and to administer drugs. Air bubbles are common in these lines and can be 
consequential if enough air is introduced into the human system. Air embolisms are the 
most common and relevant issues during these procedures. The goal of this device is to 
create an attachable detector for air bubbles in saline that can also terminate flow and alert 
the clinician. Goals should include incorporating terminating mechanism following alert 
of air all while being lightweight and cost effective. Stakeholders of this project will be Dr. 
Christopher Porterfield as it will be extremely beneficial for his work at Coastal 
Cardiology. Further below will disclose more background and project objectives of the line 
bubble detector.  
 
12.3 Background 
Since the development of the first bubble detector more than thirty years ago, there have 
been continuous expectations of improving applications and problems. The first bubble 
detector was driven by the need for radiation detection in the nuclear industry. Today, this 
application can include the use of preventing air embolisms in procedures and quantifying 
microbubble activities in medical devices. In a study done to investigate how effective air 
bubble sensors are in identifying micro air bubbles in cardiopulmonary bypasses, 
investigators concluded that the air bubble detector used proved ineffective in counting the 
number of air bubbles. Since the development of the first bubble detector and application 
for medical devices, many novel devices have been put onto the market for the use of 
detecting air pockets in tubes and microfluidics. The table below discusses five similar 
devices and designs that could be used for the same applications. It is important to note 
that many of the listed devices are manufactured ISO13485 certified in house.  
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Table 8. Key Features for comparable air bubble detector devices on market 
Manufacturer - Product No.  Key Features 
Strain Measurement Devices - 
A630 
• Digital “smart” circuit for superior customizability 
• Noninvasive ultrasonic bubble sensing technology 
CeramTec - Model 09267 • Used with ultrasonic air in line sensors  
• Coupled with flexible tubing such as silicon or PVC 
INTROTEK - AD8/AD9 • Programmable microcontroller expands functionality 
• Air detection threshold or sensitivity can be user 
specified 
• Compact integral design with “MEC” circuitry 
MOOG LifeGuard  • Maintain reliability without calibration  
• Vibration Resistance  
TE Connectivity  
AD-101 
• Continuous self-diagnostic ability to confirm 
functionality  
• High noise immunity  
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 Table 9. Research patents on related air bubble detectors 
Patent Related Claim 
Automatic power control liquid 
particle counter with flow and 
bubble detection systems  
Claim 6:  The optical liquid particle counter system of claim 1, 
wherein said fluid monitoring system detects bubbles optically, 
electronically, acoustically, by pressure differential, by density, or 
a combination thereof.  
 
Claim 7:  The optical liquid particle counter system of claim 6, 
wherein said processor decreases said power of said optical source 
if said bubble has a diameter greater than or equal to the diameter 
of the particles being detected.  
Apparatus for monitoring the 
presence, amount and size of 
bubbles in the  
bloodstream and/or tissue of a 
person and method of using the 
same.  
Claim 1: Device monitors the size of bubbles. 
Method of purging gas bubbles in 
an extracorporeal blood circuit  
Claim 11: A method of purging gas bubbles from at least one 
target zone of an extracorporeal blood circuit with a flushing 
liquid, characterized in that the flow rate of the flushing liquid in 
the extracorporeal blood circuit is periodically increased and 
reduced during the flushing process, the flow rate of the flushing 
liquid in the extracorporeal blood circuit lies outside a range of 
possible flow rates at least at times during the flushing process, 
which range is used during the treatment for the blood, the flow 
rate of the flushing liquid in the extracorporeal blood circuit at 
least at times during the flushing process is larger than 700 
ml/min, the flow rate of the flushing liquid in the extracorporeal 
blood circuit is increased and reduced in bursts, the flushing liquid 
is conveyed through the target zone using a pump, and the 
variation of the flow rate and/or of the pressure takes/take place 
by a throttling and increasing of the pump speed. 
MEDICAL DEVICE WITH A 
THERMAL MASS FLOW 
SENSOR FOR BUBBLE 
DETECTION  
Claim 1: Bubble detection is based upon mass flow rates within 
the line 
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Claim 2: The method according to claim 9, further including: with 
a display, displaying a warning of a detected bubble in the 
medical device.  
CATHETER FOR INFUSION OF 
CARDIOVASCULAR FLUID  
The system of claim 42, wherein said measured physiologic 
parameter comprises a level of microbubbles in the patient's 
vasculature distal to a location of carrier fluid infusion. 
 
As we researched more on the current technologies and relevance of air bubble detectors, 
we came across some journal articles with helpful information to guide our project. In the 
first technical review of the ABDs on Cardiopulmonary Bypass, the study was approved to 
test the effectiveness of air bubble detectors in quantifying the number of air pockets 
through the bypass. This study demonstrated that there was no correlation of microbubble 
data obtained with simultaneous measurements using the ABDs on either the SIII or S5 
heart–lung machines. They compared the air bubble detectors against the EDAC rather 
than an industrial reference; therefore, their comparison of accuracy is limited by the 
underestimation of microbubble activity. In another literature review on Venous Access, 
the discussion was centered about how venous access is one of the most basic yet critical 
components of patient care. In the interest of our project with Dr. Porterfield, it was 
discussed that the scope of the device be limited to conventional peripheral lines. Currently, 
all bubble detectors on the market are not compact and only used for central venous lines. 
In the article above, conventional intravenous peripheral lines are described to be switched 
out often. Because of this, there are possibilities of air pockets to be introduced into the 
body. This calls for a need of peripheral line air bubble detectors. In another journal review 
on Air bubble detection of dialysis, scientists explore a different application of air bubble 
detectors for dialysis in kidney failure. The entrained air bubbles are a danger to patient 
care during the process. The difference in this journal abstract was that the technology used 
capacitive sensors to detect air bubbles. This is done by controlling the output signal change 
of the capacitor. 
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12.4 Objectives 
We will design a device that attaches to peripheral venous and arterial lines that will notify 
a licensed clinician upon the detection of an in-line bubble while simultaneously ceasing 
flow to the patient. We will be concerned only with bubbles detection in a saline solution, 
omitting all other fluids from consideration.  
 
Our sponsor Dr. Porterfield wants a peripheral line bubble detector that can detect a bubble, 
stop the flow, and alert the clinician. The product needs to be light-weight, portable, and 
easy to use. 
 
Table 10. Product Specifications Matrix from Quality Function Development 
Specification Rating of Importance 
Detect bubbles >= 0.04mm in diameter  10 
Attach to (to be determined) diameter tubing 9 
Provide cinching force of (to be determined) Newtons  9 
Under 150 grams 9 
Battery lifespan of (to be determined) years  7 
Cost less than $300  8 
Medical grade manufacturability 10 
Detects bubbles with 100% reliability  10 
 
Below list descriptions of how we plan to measure each specification of our device: 
• The size of the bubble that induces activation will have to be measured by inspection as 
the resources needed to detect a bubble of size 0.04 mm are unattainable.  
• The housing will be designed to fit around a range of peripheral IV tubing diameters. 
• Cinching force will be measured by incorporating a saline flow and determining if the flow 
terminates with (to be determined) force. 
• Device will be weighed with all components. 
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• A series of tests with different amounts of time will be performed on the device to 
determine the accuracy of the lifespan. 
• Prices of all components will be recorded, and a final price will be generated. 
• Medical grade manufacturability will be a pass, or no pass test based on ISO1345 
standards. 
• Bubbles will be introduced into the line and the device will detect and stop flow.  
Some of the higher risk specifications include the cinching force of the device’s termination 
mechanism. In case that an air bubble is detected, the motorized cinch should not exceed 
an (to be determined) amount of compressive force in the case that the peripheral line is 
damaged and fails. Another higher rated risk specification includes the reliability of our 
device. The device should be able to detect 100% of the air bubbles that pass through the 
peripheral line. If not, this failure mode could cause immediate pulmonary embolisms and 
be critical to the patient during a procedure.  
12.5 Project Management 
To begin this senior design project, we met with Dr. Porterfield to discuss the scope of the 
air bubble detector. From this meeting, we solidified a better understanding of the 
specifications of our device. This led to the development of our working IFU statement and 
guide as we design the device. The next steps include investigating and conducting more 
background research on current technologies that are on the market already and the 
potential technologies that we can look into and incorporate into our design. While doing 
so, we will also be reaching out to subject matter expects of optical sensors and Arduinos.  
This will also be parallel pathed with the development of our design history file for 
prototyping which includes many working documents and our project network diagram. 
Once we have a solidified working prototyping, we will begin our feasibility and design 
verification stages. Dr. Porterfield will be able to provide better guidance on the testing 
and usability of our device. Testing will be conducted to investigate further failure modes 
and if be, our prototype will be further developed in order to meet all specifications noted 
in the beginning. Once we have a working prototype that our voice of customer is satisfied 
with, our team will seek out third party manufacturers that are ISO13485 certified and can 
manufacture our prototype to be medical grade approved.  
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Figure 11. Project Time and Key Deliverables 
There are a couple of aspects to our design that will require us to complete some initial 
testing and analysis. We will need to research and obtain experimental results on cinching 
forces using an Instron compression test to analyze the minimum force needed to stop flow 
on a peripheral line and the maximum force to not damage the tubing. Another test will be 
to determine if cinching the tubing will terminate flow through the peripheral line. 
Once all initial testing and research is completed, design ideas can be presented to Dr. 
Porterfield for feedback. After finalizing the design, rapid prototyping will be vital to 
perform initial tests on the accuracy and performance of the device. Based on the results of 
the testing and sponsor advice, improvements and adjustments can be made.  
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Figure 12. Performance Evaluation Review Technique chart and Critical Path 
 
 
 
 
 
Figure 13. Network Diagram. Critical path is denoted in red. 
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12.6 Conclusion 
Over the course of the next 17 weeks we will design and prototype a device that detects 
bubbles found in the saline solution of a peripheral venous and/or arterial IV line and 
consequently cease flow and alert the clinician. Upon initial investigations into similar 
products on the market, we have discovered many bubble detection devices and several 
devices that cease IV-line flow, however, none that combine these two functions and meet 
the aforementioned specifications. Herein lies the industry demand that we seek to provide. 
Strictly adhering to the timeline defined above, will allow for the prompt completion of the 
project. We have initiated the concept research phase and as a result will have produced 
several design concepts for review by February 25th.  
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12.8 Appendices 
A. Customer Wants/Needs List 
Dr. Porterfield would like the device to: 
• Detect any bubbles that can be seen with eyes 
• Terminate flow upon bubble detection 
• Alert clinician upon detection with a sound 
• Cost under a few-hundred dollars 
• All components in one housing 
• Lightweight 
• Easy to attach/use 
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13. Detailed Design 
Ultrasound transducers that transmit and receive will be used to detect a bubble. A one-
sided linear actuator will terminate flow upon bubble detection and an audible alert will 
notify the clinician. The housing for the components will be 3D printed with PLA to 
eliminate weight and to press fit the IV tubing and components. The following figures 
can be used for reference. 
 
 
Figure 14. Initial ideation sketch for final concept 
 
Figure 15. Isometric view of housing with the lid in a transparent view. 
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Figure 16. SolidWorks dimensioning of housing.  
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Figure 17. Top view of housing. A, press fit for linear actuator. B, Arduino divider. C, 
ultrasound transducer section. D, C-clamps for a press fit IV stabilizer. 
 
 
 
Figure18. Isometric view with hinges shown and tubing entrance. 
 
 
A 
B 
C 
D 
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Figure19. Isometric view without lid displaying internal components. 
 
Disclosure: The housing is subject to change in dimension and material as needed to 
maximize the weight constraint and the force due to the linear actuator. 
14. Prototype Manufacturing Plans 
 
The LBD Detector will be manufactured fully in-house due to nature of deliverable 
(proof of concept). All team members will be utilizing Cal Poly Yellow Tag 
Certifications and Mustang60 to manufacture prototype. The progression of component 
creation is outlined below in Figure 20.  
 
Figure 20. Manufacturing Process Flowchart. 
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15. Test Protocols 
A majority of the testing will be based off of a pass/fail method. This will maintain the 
accuracy of the device. Bubble detection, termination of flow, and audible alert are the 
most important for the device to pass 100% of the time. A series of experiments will be 
used to test the accuracy of the device. For example, different sized bubbles will be tested 
to determine if the bubble of diameter 0.04mm will be detectable 100% of the time. A 
flowchart for the following pass/fail testing that will be performed is shown in figure 21. 
 
 
Figure 21. Verification Testing Flowchart 
 
A network diagram was generated for the testing procedure. Figure 22 can be used for 
reference. All testing was planned to be completed in a week. This would allow for 
multiple testing stages as improvements are made. Figure 23 can be used for an example 
of the testing schedule. 
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Figure 22. PERT Chart for Testing Network Diagram. 
 
  
 
Figure 23. Example of Testing week. 
16. Testing Data and Analyses 
All specifications were planned to be tested using a pass or fail method. The most 
important factors that must pass 100% of the time were bubble detection, termination of 
flow, and the audible alert. The following specifications should be tested: device weight, 
device power, housing accessibility, C-clamp securement, bubble detection, linear 
actuator activation, terminating flow, audible alert, and hang testing.  
16.1 Device Weight 
All components of the device should be weighed individually, recorded and summed 
together for a total weight. The final device then should be weighed as a second 
measurement. The two weights should have a percent difference of 0.5%  or less. The 
final device should be 140 grams. 
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16.2 Device Power 
The device should be plugged in, turned on, and calibrated fifty times to test if it would 
fail. Out of the 50 tests, the device should not fail. The air bubble detector should be able 
to calibrate and be ready for use 100% of the time.  
16.3 Housing Accessibility 
The housing was designed with a hinged lid for easy attachment to the IV line. 
Preliminary testing should be completed by the next team by opening the housing and 
securing the IV line in the C-clamps. This process should not take longer than 10 
seconds. A second round of testing should be performed by clinicians to determine if they 
believe that the device is easy to use. 
16.4 C-Clamp Securement 
The C-Clamp securement should be tested for the range of IV tubing from 14G to 21G. 
Different gauge sized tubing should be attached to the device; the device should then be 
hung from the tubing. The C-clamps should keep the tubing connected to the device 
without slipping. 
16.5 Bubble Detection 
Bubble detection should be tested multiple times with multiple iterations. A bubble 
should be introduced into the IV tubing with saline running through the line. The 
ultrasound transducers have to detect the bubble 100% of the time. This test should be 
performed with different sized bubbles.  
Multiple bubbles should be introduced to the saline line where the ultrasound transducers 
should detect the first bubble that passes through the line. It is vital that the bubbles are 
detected 100% of the time. Therefore, a majority of testing should be spent here with 
many iterations. 
16.6 Linear Actuator Activation 
Once a bubble is detected, the Arduino mini should activate the linear actuator to pinch 
the IV tubing to terminate flow. Again, this is a vital component of the device and it 
should always terminate flow upon bubble detection. To test this, a bubble should be 
introduced into the line and the linear actuator should be activated and flow should be 
terminated. This should be tested with multiple iterations. 
16.7 Terminating Flow 
When the device has passed bubble detection and linear actuator activation, it is 
important to test that the flow is completely stopped. A bubble should be introduced into 
the saline and the bubble should be detected, activating the linear actuator which should 
terminate flow. The bubble should be tracked, and it should not move once the flow is 
terminated. This process can be tested at the same time as the linear actuator activation 
testing process as multiple iterations should also be completed. 
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16.8 Audible Alert 
An audible alert should go off once a bubble is detected. This can be tested at the same 
time as bubble detection since there should be a beep once a bubble is detected. To test 
this, a bubble should be introduced into the saline, once the ultrasound transducers detect 
a bubble, a beep sound should be heard. This should also be tested in different audible 
environments to make sure that the alert can be heard in louder settings as well. 
16.9 Hang Testing 
The device should be tested in the hang setting it was designed for. The device should be 
attached to an IV line that is vertical and the device should stay in the same place it was 
attached without slipping, sliding, or falling. The device should not fall, slip, or slide for 
any length of time. This testing should be tested at different time lengths with multiple 
iterations at each time. 
All testing results should be used to make improvements and changes to the device to 
maintain the accuracy of the device’s performance. 
 
17. Conclusions 
Dr. Porterfield wanted an air bubble detector for peripheral IV lines that could 
detect bubbles seen with eyes, terminate flow, and alert the clinician. He also specified 
that the device should be lightweight and in one housing, easy to use, and to be about 
$200. 
The non-invasive venous and arterial air bubble detector is able to detect an air 
bubble with a diameter of 0.04mm or larger, terminate flow, and alert the clinician thru 
an audible and light signal. The device is a rectangle (6.0”x5.5”x1.0”) with a hinged lid 
to allow for easy attachment to a peripheral IV line. The device is able to be attached to a 
range of IV lines from 14G to 21G due to the C-clamp press fit design. Ultrasound 
transducers detect the air bubbles within the IV tube and a one-sided linear actuator 
pinches the tube to terminate flow. The total weight of the device is 140 grams with a 
total cost of $179. All specifications from Dr. Porterfield were met within the design of 
the device. 
18. Discussion 
Air bubbles in IV lines are common and they can be fatal. Over the past thirty 
years, air bubble detectors have been created and used in surgical operating rooms. Most 
bubble detectors are for central IV lines and a pump is used to terminate flow if an air 
bubble is detected. A lightweight and simple design was desired by Dr. Christopher 
Porterfield, MD MPH FACC.  
The LBD Inc. designed and created an engineering package for a Non-Invasive 
Peripheral Venous and Arterial Line Air Detector for Embolization Prevention device. 
This device was designed to be easy to use and able to be incorporated in every hospital 
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room/surgical operating room. All specifications were met from our sponsor with 
preliminary prototyping and testing. Due to a global pandemic, COVID-19, we were not 
able to build and test a physical prototype. However, an engineering package was created 
to allow for a team to build and test the device in the future.  
 
Our team would like to thank our senior project advisor Dr. Michael Whitt and 
our sponsor Dr. Christopher Porterfield for their guidance throughout this project. We 
would also like to thank the future team in advance, for building a physical prototype of 
our device as it is a very difficult and sad time that we did not get to see a physical device 
of our finished product. 
 
 
